Abstract.-Ecological causes for the evolution of sexual dimorphism can be confidently inferred only when the sexis differ in morphology or relative size ofthe feeding apparatus. in a direction inconsistent with that expected from sexual selection. Snakes are well suited for such an analysis because head sizes in this group are important for feeding but not for reproductive behavior. My data reveal significant sexual dimorphism in head size (relative to snout-vent length) in 417a of l14 species eximined from seven families. Head size relative to body size is strongly correlated between males and females in comparisons among populations within species. among species within genera, and among genera within families. Hence. correlation between the sexes may powerfully constrain evolutionary shifts in dimorphism. Nonetheless, phylogenetic analysis identifies many independent origins and losses of the dimorphism. Geographic variation in relative head size and sexual dimorphism in head size are evident within wide-ranging species' Dietary tlivergence between the sexes occurs in a taxonomically and ecologically diverse group ofsnakes. Thi ecological advantages ofhead-size dimorphism probably do not involve competitive displacement beiween the sexes. I infer that the sexes originally diverged in body sizes or ecology because of differences in reproductive biology, with the subsequent evolution of sexual dimorphism in feeding structures through independent adaptations to foraging in each sex.
suggested two mechanisms for the evolution of sexual dimorphism: sexual selection and ecological divergence. His emphasis on the first ofthese hypotheses rather than the second has been repeated by most subsequent authors. Although the "niche divergence" hypothesis has firm theoretical and empirical support (e.g., Selander 1972; Slatkin 1984; Shine 1989) , its generality as i causal mechanism underlying dimorphism is unknown. Character divergence in feeding structures offers the only unequivocal evidence for ecologically based dimorphism (Selander 1912) , buL it is a poor criterion in most animal taxa because the trophic apparatus may also be modified by sexual selection, and ecological divergence may be achieved by body-size dimorphism rather than a disproportionate shift in the trophic apparatus (Shine 1989) . Hence, the cases of "ecologically based dimorphism" identified by the criterion will include some inappropriate ones and fail to include some valid ones. In order to evaluate whether dimorphism can evolve even when sexual selection is not involved, data are needed on a group of animals to which these methodological difficulties do not apply. Clear evidence that sexual dimorphism can result from dietary divergence is most likely to come from species that are gape-limited feeders and that do not use their feeding structures in social interactions. Snakes (order Squamata, suborder Serpentes) are well suited for such an analysis. First, their feeding structures (iaws and teeth) are rarely used in sexual interactions such as courtship, mating, or combat (carpenter and Ferguson 1977; Shine et al. l98l; charles et al. 1985) , so the trophic apparatus should not be subject to sexual selection in most snakes. Second, because they cannot tear apart prey items (unlike most other vertebrates) and because they eat relatively large-prey items, most snakes are gape-limited predators. Although snake skulls show enormous distensibility (presumably an adaptation to increase gape), the maximum size of prey ingestible is limited by the size of the snake's head (see, e.g., Savitsky 1983) . Hence, selection on one sex to consume larger prey is likely to favor a shift in trophic morphology. Such morphological evidence of adaptation may be less likely to arise in animals that eat smaller prey or that do not have to consume large-prey items whole. There has been no previous attempt to review the occurrence of trophic dimorphism among snakes. Published information is available for relatively few taxa (see, e.g., Klauber 1972; yitt 1980; Myers l9g2: Vitt and Vangilder 1983; Shine 1986) .
Snakes offer an opportunity not only to evaluate the importance of ecological factors in the evolution of dimorphism but also to test among alternative hypotheses on the nature of the advantage to ecological divergence between the sexes. Published literature on the topic is chiefly concerned with the notion of competitive displacement, but alternative models may be more realistic (see, e.g., Slatkin 1984; Shine 1989) . This article provides extensive data on the occurrence and degree of sexual dimorphism in relative head size in snakes. These data are then used to test among alternative explanations for the evolution of sexual dimorphism in feeding structures.
MATERIAL AND METHODS
I measured head sizes relative to snout-vent length (svl) in male and female snakes of I l4 species from seven families (a total of >7,000 specimens; see table l). Apart from captive-born litters of three species, all specimens used in this study were preserved snakes in the collections of the Australian Museum, Queensland Museum, Museum of the Northern Territory, Museum of victoria, Western Australian Museum, and South Australian Museurn (all in Australia) and the Carnegie Museum of Natural History, the Field Museum of Natural History, University of california Museum of vertebrate zoology, california Academy of Sciences, Louisiana State University Museum of Zoology, University of Texas Memorial Museum, University of Kansas Museum of Natural History, and U.S. Fish and Wildlife Service Natural History Collection (all in the United States). wherever possible, I relied on large series of adult specimens from single populations (i.e., small geographic areas).
For each specimen, I determined gender (by everted hemipenes, shape of base of tail, or midventral incision to examine gonads) and measured SVL and head length (: mandible length, from the tip of the snout to the posterior extremity S. occipitomaculata Thamnop his brac hY st o ma T. butleri (mean, n : l) T. couchii (mean, n : 3; T. cyrtoPsis (mean, n : 3) T. digueti T. elegans (mean, n : 13) T. eques T. fulvus T. marcianus (mean, n : 4) T, melanogaster T. ordinoides (mean, n : 4) T. proximus (mean, n : 3) T. radix (mean, n : 71 T. rufqunctatus T. sauritus (mean, n : 3; T. scalaris T. sirtalis (mean, n : 27) Norr.-N : sample size of specimens (n in parentheses after some species' names is number of populations analyzed separately): SVL : mean snout-vent length (cm); HL : mean head length imm); EFHL : estimated female HL at mean male SVL, calculated from the regression equation linking female SVL and HL: HL ratio : ratio of female to male HL at mean male svl-. * p < .05 from covariance analysis of male vs. female relationships between SVL and HL.
of the quadrate-articular projection). Snake heads are so flexible and so often distorted during preservation that it is difficult to measure other dimensions (e.g., head width) with any reliability. Divergence between the sexes in relative head lengths was assessed by analysis of covariance of head length versus SVL (with SVL as the independent variable), except in some litters of neonates where the range of SVLs was too small for a significant relationship to exist between head length and SVL. In these cases, /-tests were used. Where necessary, data were log transformed to normalize variances. The extent of sexual divergence in relative head lengths was quantified as follows. From the regression equation linking female head length to SVL, I calculated the head length expected for a female at mean male SVL. The ratio of female to male head length, at mean male SVL, provides an index of the extent of sexual dimorphism in relative head lengths and is shown in tables I and 2. However, statistical analysis of ratios may introduce considerable error (see, e.g., Packard and Boardman 1988) , so an alternative measure of dimorphism was used in the statistical analyses. This measure was the residual score from the taxonwide regression of male mean head length versus calculated female head length at mean male SVL. The taxonomic level used for such general regressions was the same as that being tested; for example, a test among species within a genus used residuals calculated from the general relationship between SVL and head length within that genus. Both axes were natural log transformed prior to the regression. Other estimates of dimorphism (e.g., body-size dimorphism) were similarly based on residuals from general regressions. In all of these cases, the resulting score gives an index of relative dimorphism within the taxon rather than a measure of absolute dimorphism. In order to control for likely phylogenetic associations in the degree of sexual divergence in relative head sizes, correlational analyses were run independently on four taxonomic levels (as suggested by Harvey and Mace [982] ): among populations within two wide-ranging species of American garter snakes (Thamnophis elegans and Thamnophis sirtalis) for which extensive samples were available; among species within the genus Thamnophis (using mean data for each species if more than one population had been sampled); among genera within families (using mean data for each genus); and among families within the suborder (using means for each family). I also used Pagel and Harvey's (1989) phylogenetic method to test for an association between body-size dimorphism and head-size dimorphism. This technique identifies independent instances of evolutionary change in each variable (using taxonomy to approximate phylogeny) and compares the concurrent changes in one variable with the other.
RESULTS
Taxonomic Di.stribution of Head-Size Dimorphism Sexual dimorphism in head length relative to body length is common among snakes, being documented (P < .05) in 47% of the I l4 species examined and in 43% of the 61 genera (table l). Dimorphism is also widely distributed taxonomically, being recorded in acrochordid, colubrid, elapid, hydrophiid, laticaudid, and viperid snakes (table l). Although significant dimorphism was not recorded in any boid snakes examined in the present study, the data of Singh Bhati and Wadhawan (1975) suggest dimorphism in this group as well. Differences among families in the relative incidence of dimorphism were not significant (with data at the generic level, X2 : 12.1, df : 6, P : .06). The taxonomic distribution of sexual dimorphism in relative head size among snakes indicates that this trait is phylogenetically associated but nonetheless shows considerable lability. Using a nested analysis of variance (see, e.g.. Clutton-Brock and Harvey 1984) with taxonomic categories as levels, I found that 35o/o of the variance in the degree of sexual dimorphism in head size among snakes is due to family-level effects, a further 42Vo to generic-level effects, and the remaining 23o/o to species-level effects. This analysis suggests that the use of generic means in statistical tests may be a reasonable compromise between the conflicting problems of lack of independence of data points and loss of significant information. ln many cases, some members of a lineage are strongly dimorphic, whereas others are monomorphic with respect to head size. This is clearly true within famifies and also within some genera (table 2) . Elaphe, Regina, Storeria, Thamnophis, and Virginia all contain both dimorphic and nondimorphic species. Published data, in conjunction with table I, suggest that the same is true of Crotalus I IO THE AMERICAN NATURALIST (Klauber 1972) , Imantodes (Myers 1982) , Liophis, and Micrurus (Vitt and Vangilder 1983) . This intergeneric variance in dimorphism prompted me to examine geographic variation in head sizes of wide-ranging species (table 2). The extent of sexual divergence in relative head sizes varied considerably, with some species (Regina septemvittata, Thamnophis elegans, Thamnophis ordinoides, Thamnophis sirtalis) containing some populations where sexual dimorphism was marked and some where it was not significant (table 2). For example, the extent of head-size divergence between males and females (ratio of female to male head length at mean adult male SVL) varied from -lVa to +77o arnong populations of the North American garter snake T. elegans, from + 4Vo Io + l2Vo in Thamnophis couchii, and from -37o to +37o in T. ordinoides (table 2) . Interestingly, these species also showed pronounced geographic variation in head size relative to SVL within each sex (table 2; Shine and Crews 1988) .
The extent to which the sexes diverged in relative head sizes at mean adult male SVLs varied among species, from zero in some taxa up lo 2l7o in others. The degree of dimorphism in head size (ratio of larger to smaller sex) ranged from 07o to S% (X : 3.0%) in six species of the family Boidae, from 12Vo to 217o in two species of acrochordids, from 07o Io lSVa tX : l.l7{ in 6l colubrids, from 0o/o to B% (7 : 4.4%) in 2l elapids, from l7o to 7Vc (7 : 3.4%) in six hydrophiids, SVoinone laticaudid, and\VorollVc(X :65%t ineight viperids. Litters of neonatal acrochordids, colubrids, and elapids showed significant sexual dimorphism in relative head size (/-tests on head lengths are significant, P < .05, in Ac'rochordu,s arafurae, Nerodict rhombifera, Nerodia erythrogaster, T. sirtalis, and P s e ude c his porp hyriac us).
Phylogenetic Analyses
Phylogenetic hypotheses are available for some groups. which allows a historical interpretation of the acquisition and loss of head-size dimorphism. The natricine colubrids offer a good example. The New World forms (water snakes, garter snakes, etc.) are thought to be derived from an Old World stock that crossed the Bering Strait (Malnate 1960; Rossman and Eberle 1977) . Present-day Old World natricine taxa include both dimorphic (Amphiesma, Natrix, Sinonatrix) and apparently nondimorphrc (Rhabdophis, Tropidonophis, Xenochrophis) taxa. Sexual dimorphism in head size may be a primitive trait for the New World natricine radiation ( fig. l) . Several subsequent losses and redevelopments of head-size dimorphism have taken place in the American natricines. Dimorphism is present in all of the Nerodia examined but has been lost in other aquatic forms (C/onophis, some Regina). The terrestrial derivatives of this group are mostly dimorphic, but the trait has apparently been lost within some ,S/o,,eria and some Thamnophis (and even within some populations of some species, as described above). Remarkably, three natricine genera (Storeria, Tropidoc.lonion, Virginia) have not only lost the tendency for larger head sizes in females but have evolved the opposite trait (larger heads in males) in two separate lineages (table l;figs. 1,2). With the most parsimonious phylogenetic hypotheses, there must have been several transitions (independent origins or losses) of sexual dimorphism in head size within the natricine snakes ( fig. 2) . The exact number of evolutionary transitions 
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Frc. 1.-Thedirectionanddegreeof sexualdimorphisminrelativeheadsizevariesamong closely related taxa. For example, most populations of most species of American natricine colubrid snakes studied show a significantly larger head size in females than in males at the same body length (as in a, Thamnophis radix from Colorado), but several taxa contain populations in which this dimorphism is reduced or absent (as in b, Thantnophis prct.timus from Mexico), and a few species show larger relative head size in males (as in c, Virginia striutula). Squares : femalesl dol.r : males. estimated depends on the details ofthe phylogeny and the significance ofapparent differences between taxa. However, figure 2 reveals several cases where closely related taxa differ strongly in the direction or degree of head-size dimorphism.
Similarly, dimorphism in Australian elapid snakes must have evolved (or been lost) several times. The ancestral character state for this lineage was probably larger heads in males, the reverse of the situation in the natricine snakes ( fig. 3) . Parsimony suggests that relatively larger head size in females has evolved independently at least four times (in Demansia, Vermicella, Cacophi,.t, and the main Acanthophis lineage), with secondary reversals of this character state in Austrelaps, Denisonia-Drysdalia, and Unechis ( fig. 3 ).This analysis suggests at least seven transitions in the direction of head-size dimorphism within the terrestrial Australian proteroglyphs. Examinations of other ophidian families also indicate multiple character-state reversals. Overall, great phylogenetic lability is evident in this trait.
Sex Biases
Females were the sex with the relatively larger head in most genera (omitting taxa without dimorphism,40 of 6l [66.7%] featured females as the sex with the larger head; against a null hypothesis of 507o,y2 : 5.92, df : 1' P < '02)' The only common exceptions to this trend were species of the family Elapidae, with male heads significantly larger in all six of the dimorphic genera tested (against a null hypothesis of 50%' X2 : 6.0, df : I , P < '02)' Although there was an overall trend for the sex that attained the larger body size to have the relatively larger head at any given body length (true in 64% of genera with significant sexual dimorphism in head tengths), this result was not significantly different from that expected by chance (x2 : 2.29, df : 1, P > '10)' Most of the exceptions to this apparent trend (7 of I I cases) were genera in which males have relatively larger heads than females but in which females attain larger body sizes (e.9., Diatlophis, Tropidoclonion, Furina; table l).
Head Siz.e Relative to BodY Mass
One explanation for dimorphism in head length relative to SVL could be that head tength is related to some body dimension other than SVL and that the apparent dimorphism of head length is simply a consequence of dimorphism in the relationship between SVL and this other variable. The most obvious possibility for such a variable is body mass, and I tested this hypothesis by comparing male and female head lengths with respect to body mass rather than body length (with both variables log transformed) in four sexually dimorphic species: one acrochordid, one elapid, one viperid, and one colubrid. In each case, the dimorphism remained significant (A. ara.furae; n : 100 males, 100 females; ^F slopes : 1.92, df : l, 193, NS; F intercepts : 117.74, df : 1,194, P < .01; P' porphyriacus: n : 26, 19; F slopes : 2.59,df : l' 41, NS; F intercepts : 30'66' df : l, 42, P < .01: Trimeresurus wagleri: n : 16,22;F slopes : 2.64'df : I' 34, NS; Fintercepts : 63.1, df : 1,35, P < .01; Nerodia taxispilota: n : 2l' ll;Fslopes :3.28, df : 1,29, NS; Fintercepts : 8.04, df : l' 30' P < '01)'
DISCUSSION
The following discussion is centered around three main questions. First, is the observed dimorphism in head sizes among snakes likely to be determined genetically, or may it be explained more simply as a proximate effect of environmental factors? Second, having accepted the former interpretation' I then ask whether the dimorphism seems likely to be adaptive rather than a consequence of other nonadaptive genetic processes. Third, if adaptation has been involved in the evolution of head-size dimorphism, what selective pressures have been important?
Genetic or Environmental Determinqtion?
If sexual dimorphism in relative head sizes in snakes is to be interpreted as an adaptation (or, more precisely, as a result of differing adaptations in males and females), one must postulate a large genetic component to the determination of this trait. This interpretation may be in error if head size is influenced by environmental factors during ontogeny. Such a direct environmental (dietary) influence on trophic morphology is known in many animals (see, e.g., Holbrook 1982; Swennen et al. 1983; Bernays 1986 ). However, the interpretation of proximate causation is not consistent with the data on snakes because dimorphism is present at birth in the acrochordid, elapid, and colubrid species that I have examined. Some genetic basis seems likely.
Adaptation or N onaptation?
It could still be argued that the dimorphism, even if genetically determined, need not be adaptive. Many traits arise through allometry, genetic drift, or pleiotropy or are maintained through phylogenetic inertia (see, e.g., Gould and Lewontin 1979) . These arguments are unlikely to apply to head-size dimorphism in snakes. The trait concerns a major structure of the body with obvious functional importance and involves complex modifications of various components of the head (Camilleri and Shine 1990) . The wide phylogenetic and geographic lability seen in the trait argues against any straightforward mechanistic interpretation of the dimorphism as a nonadaptive consequence ofontogenetic processes. Laboratory experiments suggest that the dimorphism results from the action of gonadal hormones, as is true of most secondary sexual characters (Shine and Crews 1988) .
Even if the primary mechanism promoting divergence in relative head size between the sexes is adaptation, nonadaptive genetic factors (especially, high genetic correlations between the sexes) may constrain the rate at which dimorphism can evolve (Lande 1980 ; but see Slatkin 1984) . To look for such an effect, I calculated separate regressions of head length to body length for each sex at each of the taxonomic levels tested (see table l). The residuals from these regressions give a measure of, for example, how far males in a given sample depart from the general relationship between male body length and male head length within that species (or genus, family, etc.). Residuals for females were calculated at mean male SVL. Comparisons within families used generic means, those within genera used species means, and so forth. A comparison of these residual scores between males and females gives a measure of the tightness of covariation between the sexes in relative head length; a high correlation between scores for the two sexes means that a population (or species, genus, etc.) in which male heads are unusually large is also one in which female heads are similarly large. The calculated correlation coefficients in most cases were surprisingly high (r > .89 in all seven tests; table 3), which suggested a high genetic correlation between the sexes in this trait. Such a correlation could also result from independent adaptations of head size in each sex in response to local selective pressures. whichever explanation is preferred, these data suggest that divergence in head sizes between the sexes is powerfully constrained by genetic covariation between the sexes. Nonetheless, there is enough residual variation to yield strong interpopulational and interspecific differences in the direction and degree of sexual dimorphism in this character (tables 1 and 2). E;; E l16 THE AMERICAN NATURALIST selection and ecological causation. I see no way to interpret head-size dimorphism in snakes as a sexually selected adaptation to combat or display behavior. Mating systems of some snake taxa (e.g., garter snakes, Thamnophis) are relatively well known, and there is no reason to expect that relative head size affects reproductive success. Males do not fight each other (let alone bite each other) in most snake species (Carpenter and Ferguson 1917) .In any case, it is the female that has the relatively larger head in most species of snakes. The direction of head-size dimorphism among genera with male combat is not significantly different from that among genera not known to show this behavior (records of male combat from Carpenter 1986; n : ll,6l, 12 : 1.22, df : I, NS) . Hence, the observed head-size dimorphism seems not to be explicable as an adaptation to intraspecific agonistic behavior (Shine 1986; Shine and Crews 1988) . Active defense against predators by gravid females might offer an alternative selective advantage to disproportionately large head sizes in female snakes (R. B. Huey, personal communication) but is unlikely to be of general importance. Instead, the sexual divergence in relative head sizes fulfills Selander's (1972) criterion of evidence for ecologically based dimorphism: character divergence in trophic morphology, in a direction apparently inconsistent with sexual selection. Detailed morphological analyses suggest that the head-size dimorphism is due primarily to disproportionate enlargement of feeding structures in the sex with the larger head (Camilleri and Shine 1990 ).
The conclusion that larger head sizes in one sex have evolved to allow ingestion of larger prey, rather than because of sexual selection, could be challenged on the grounds that my definition of "sexual selection" is too narrow. Under some definitions, selection based on the ability to ingest larger prey in one sex than in the other could be interpreted as an example of sexual selection. For example, larger head sizes in females might be due to selection for higher food intake because of the greater energetic expenditure on reproduction by this sex. Under this hypothesis, the evolutionary modification of trophic morphology stems directly from selection on females to increase their energy allocation to reproduction. Large body size in females of many species may well have evolved for similar reasons (i.e., to increase fecundity ; Darwin l87l; Mayr 1972; Selander 1972; Shine 1989) . This latter phenomenon has been variously interpreted as either sexual selection or a special case ofnatural selection (see, e.g., Shine 1986 Shine , 1989 . The debate here is about terminology rather than the nature of the selective forces. This does not mean, however, that sexual selection (even in the narrowest sense) is irrelevant to the evolution of head-size dimorphism in snakes. Sexual selection may well be responsible for an initial divergence in body sizes or energy requirements between the sexes, with niche divergence then arising to amplify these initial differences. The hypothesis of ecological causation relies on the existence of ecological differences between males and females. Available data suggest that this assumption may be realistic; significant differences between the sexes in prey types and prey sizes have been reported in a wide variety of snakes (table 4). Data are insufficient to determine whether the extent of dietary divergence between the sexes is correlated with the degree of sexual dimorphism in head size. Indeed, Madsen 1983 Mushinsky et al. 1982 Mushinsky et al. 1982 Plummer l98l Zinner 1985 White and Kolb 1974 : Fitch 1982 Present study Pernetta 1977 Carton and Dimmick 1969; Fitch 1982 even major dietary differences may escape detection. For example, occasional ingestion of a very large prey item by the members of one sex may be significant in terms of food intake (and, hence, selection on trophic morphology) but is unlikely to be documented even with very large sample sizes. The number of published records of intersexual dietary differences among snakes may also be reduced by a tendency for authors to combine data for both sexes in published dietary analyses. For example, reanalysis of data that I gathered many years ago on a population of elapid snakes (Pseudechis porphyriacus in the New England region of New South Wales) reveals that the sexes differ in the relative proportions of frogs and lizards in their diets: males eat fewer lizards (8% vs. l9Vo; n : 120 prey items in males,97 in females.Xr : 4.12. df : l, P < .05). My original analysis of these data did not consider the two sexes separately (Shine r97' 7).
In addition to the specific records listed in table 4, intersexual dietary divergence in other species of snakes has been inferred from sexual dimorphism in characteristics such as relative head size (Myers 1982 , for the colubrid Imantodes), rostral spines (Heatwole et al. 1978 , for the hydrophiid Emydocephalus), and coloration of caudal lures (see, e.g., Neill 1960, for various viperid species) . Similarly, the sexes are known to differ in habitat use in many snakes species. These habitat differences clearly correlate with dietary divergence between the sexes in some taxa (e.g., Acrochordus, Lqticoudo, Nerodia, Telescopus), and the same may well be true in other taxa for which dietary data are lacking (e.g., the boid Morelia spilota, Slip and Shine 1988 and seasonal activity patterns may differ between the sexes (see, e.g., Platt 1969; Slip and Shine 1988) . Such differences in seasonality and habitat use may expose the seies to different types of prey (see, e.g., Beavers 1976; Reinert et al. 1984) . Thermal differences between the sexes (see, e.g., Gibson and Falls 1979) may affect the relative ability of males and females to handle different types of prey. Large disparities in mean body sizes of adult males and females are common among snakes (see, e.g., Fitch 1981 ) and may result in major differences in the types and sizes of prey consumed (see, e.g., Sieb l98l;Fitch 1982).
What CaLrses Dietary^ Divergenc'e?
There are two plausible ways in which niche divergence between the sexes could lead to the evolution of sexual dimorphism: competition between the sexes for a limiting resource could lead to ecological (and hence morphological) character displacement (see, e.g., Rand 1952), or independent adaptations could arise in each sex because ofintrinsic sexual differences related to reproductive biology. For example, a sexually selected dimorphism in body sizes may result in sex differences in foraging habitats or prey selection, thus introducing different selective pressures on trophic morphology in the two sexes. Dimorphism in relative head sizes between the sexes could then evolve because of independent adaptations for foraging in each sex. This model predicts that sex differences in relative head size could evolve even in species in which body-size dimorphism was so extreme that competition between the sexes was unlikely; indeed, dimorphism may be most llkely to evolve under such circumstances. ln contrast, the competitive displacement model predicts that head-size divergence should be greatest where the sexes are similar in body size (and hence, overlap in resource use).
My data tend to support the hypothesis of independent adaptation rather than competitive displacement. In three cases in which a significant relationship was evident between the degree of dimorphism in relative head sizes and the degree of body-size dimorphism, the correlation was positive rather than negative. This was true in an overall comparison at the species level (r : .255, df : 123, P < .005), in comparisons among elapid genera, and among families of snakes (table 3) . Although this correlation was nol significant in comparisons among populations within two species, among species within one genus, or among genera of colubrids or hydrophiids, it was close to significance in four of these five comparisons (P < .10, table 3). An alternative test, using taxonomy as an approximation of phylogeny (Pagel and Harvey 1989) , calculated the extent to which evolutionary t'hanges in the degree of body-size dimorphism were correlated with simultaneous changes in the degree of head-size dimorphism. This analysis again showed a significant positive correlation (r : .62, df : 35, P < .001). Thus, evolutionary increases in body-size dimorphism were generally accompanied by increases in the degree of dimorphism in relative head size.
The "independent adaptations" model is also supported by the observation that some of the most extreme cases of head-size dimorphism are seen in species in which the sexes differ so greatly in body size, prey type, and feeding habitat that "competition" between them is difficult to envisage. For example, the most strongly dimorphic species of snake studied so far is Acroc'httrdus araJhrue, an aquatic species in which adult females average more than twice the mass of adult males, have heads >20% larger than those of males at the same body length, consume prey items that are on average >10 times the mass of prey eaten by males, and tend to forage in different habitats (Shine 1986 ). lndeed, data in table 4 implicate sexual dimorphism in body size as the primary underlying basis for intersexual dietary dimorphism. In many cases, the dietary difference appears to result directly from the larger sex being physically capable of ingesting larger prey than can the smaller sex (see, e.g., Sieb 1981; Fitch 1982t Savidge 1988 . Larger snakes may also be physiologically more capable of consuming prey that are large relative to the size of the snake (Pough 1978) . In addition, differences in body size may suit the sexes to foraging in different habitats; for example, the smaller sex can exploit shallower water (Pernetta l9l7 , Mushinsky et al. 1982; Shine 1986) or slender branches in arboreal habitats (e.g., Fitch 1982 : Mehrtens 1987 . The initial evolution of such differences in body size may be due to sexual selection orfecundity selection (e.g., Shine 1986 ). If these body-size differences result in dietary divergence, niche differences between the sexes may be further amplified by the evolution of sexual differences in relative head size, as documented in the present study. Varying degrees of intersexual divergence in body sizes, habitats, and diets are evident in both aquatic and terrestrial species listed in table 4 and perhaps indicate the kinds of pathways followed in the evolution of head-size dimorphism.
The conclusion that head-size dimorphism is common among snakes and may be due mainly to selection for dietary divergence suggests that ecological causes for sexual dimorphism may be more important than usually envisaged. Such causes have generally been regarded as of minor significance, especially in comparison to sexual selection (Shine 1989) . Data from the present study suggest that this conclusion may simply reflect the difficulty of detecting ecologically based dimorphism in most kinds of animals. When one looks at a group of gape-limited predators, and one in which the trophic apparatus is not used in agonistic behavior, the data suggest that ecological causes may often promote the evolution of sexual dimorphism.
